Abstract: Fe nanoparticles were synthesized via a novel one-step reduction method. The excessive citric acid helps to obtain pure and high crystallinity α-Fe at the appropriate temperature (620 o C). The Fe nanoparticles were characterized by the X-ray diffraction, transmission electron microscopy (TEM) and vibrating sample magnetometer (VSM). The morphological characterization indicates that the Fe nanoparticles present spherical shape with diameter of 30 nm. The magnetization hysteresis loops reveal the high saturation magnetization (Ms=198.97 A· m 2 /kg) and the good ferromagnetic behavior of the magnetic materials. The one-step reduction method for nanoparticles synthesis has the advantages of controllable, short process, large-scale production, and will be an important method of producing nanoparticles.
Iron nanoparticles have drawn much attention in recent years because they are promising candidates for numerous applications including catalysis [1] , the light absorption [2] , treatment [3, 4] , magnetic media materials [5] , and medicine [6] .
For example, magnetic iron nanoparticles as a carrier in combination with anti-tumor substances were located in the tumor area by the magnetic field, which can effectively control the distribution of medicine powders to achieve the targeted delivery of chemotherapy drugs. In addition, iron nanoparticles are important for waste water treatment and absorbing materials. Synthesis of iron nanoparticles has been one of the most attractive challenges in the field of magnetic materials due to the large specific surface area and activity. The common methods for their preparation are high-energy ball milling [7] , sputtering [8] , DC arc plasma [9] , evaporation condensation [10] , ultrasonic chemical [11] , sol-gel [12] , and solvothermal [13] .
Preparation of high-energy ball milling is easy to introduce impurities and leads to uneven distribution of the particles.
The products of sputtering and DC arc plasma method have high purity, but high energy consumption and high cost. Although the distribution of particles prepared by evaporation condensation or the ultrasonic chemical method is uniform, they demand stringent environmental conditions, and are difficult to apply in industry. A sol-gel method has controllable products, and good dispersion. In the present paper, we use a new method for preparing iron nanoparticles on the basis of the sol-gel method, and citric acid is used as a reducing agent with the diffusing reduction mechanism [14, 15] . Our synthesis strategy has many advantages compared to other methods. Firstly, the synthesis approach is simple and easy to repeat. Secondly, the Fe nanoparticles are synthesized under moderate conditions which don't require any high temperature reaction. Finally, the product is much in the low-energy situation.
The ferric nitrate (Fe(NO 3 ) 3 · 9H 2 O) and citric acid (C 6 H 8 O 7 · H 2 O) were used as raw materials. Firstly, the gel was prepared with the sol-gel method. 80 g ferric nitrate and 41.6 g citric acid were dissolved in 122 mL deionized water, and stirred with a magnetic stirrer at 17.5 r/s. The gel was heated at 36 o C, then stirred continuously for 30 min, and aqueous ammonia was added dropwise to control pH at 7.10. The solution was heated to 60 o C and continuously stirred using magnetic agitation. After 4 h, the 10 mL olefinic acid was added and the heating temperature was raised to 95 o C. After continuously stirred for 4 h, the products were washed three times with ethanol and then dried, milled. The powders performed in a protective atmosphere of argon gas were heated to 620 o C, and held for 30 min. Finally, the black powders were obtained, and treated with agate mortar by ultrasonic dispersing apparatus for 40 min. The crystalline structure of the black powders was verified by X-ray diffraction (D8, Buber, Germany) with Cu Kα radiation (λ = 0.15418 nm, 40 kV, 30 mA). The morphology of the black powders was characterized by transmission electron microscopy (M3000, Fischione, USA). The magnetic measurements were carried out by vibrating sample magnetometer (MPMS, Quantum Design, USA).
Results and Discussion

Theoretical analysis
In the one-step reduction of ferric nitrate to provide iron source, the citric acid is used as an organic chelating agent, and provides carbon source in the reducing atmosphere of carbon reduction. When the excessive citric acid is added, the high temperature could result in the breakage of -Cbonds in citric acid, forming the single matter C, which is used as a reducing agent to reduce the Fe 2 O 3 to iron (Fig 1) .
The X-ray diffraction (XRD) patterns (Fig.2) clearly show that all of the diffraction peaks could be indexed to Fe (JCPDS No. 87-0721). As it is observed in this figure, the particles have typical bcc structure of α-Fe phase with the peak of (110), (200), (211) It indicates that the product consists of pure Fe and high crystallinity could be detected. 
Magnetic properties
The magnetization in Fig.4 shows the magnetization hysteresis loops of the Fe nanoparticles. It is clear that synthesized Fe nanoparticles exhibit good ferromagnetic behavior. The saturation magnetization M s =198.97 A·m 2 /kg (upper-left inset of Fig.4 ) is superior to that of the bulk contrast performance and drug delivery in the medical field because of the better microstructure, crystallinity and dispersibility. In the future, for having good magnetic response, Fe nanoparticle will be made a profound and specific material.
Conclusion
1) Pure Fe nanoparticles have been synthesized via a one-step reduction method which is on the basis of the sol-gel method, when the molar ration of ferric nitrate and citric acid molar ratio is 1:1, and the reduction temperature is 620 o C.
2) The nanoparticles show nearly spherical shape with the diameter ranging from 20 nm to 40 nm. The magnetic measurement shows the ferromagnetic behavior of the product.
3) The method is simple, portable and other metal oxide nanoparticles can be also synthesized. 
